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Abstract 
The elimination of oil vapor in oil tank is one of the most dangerous tasks in oil depot. Using common mechanical ventilation to deal with 
the oil vapor has the shortcomings of poor safety, long ventilation time and low efficiency. However, those shortcomings can be better 
overcome if combusted gas is used to displace oil vapor. In this paper, the experimental study on inert replacement ventilation of oil vapor 
is carried out in a simulation oil tank. Results show that: 1) the larger the flow volume is, the higher the efficiency will be; 2) the 
efficiency of inert replacement under the condition of top inlet is higher than that under the condition of bottom inlet when the flow 
volumes are same; 3) under the condition of top inlet, the concentrations of oxygen and oil vapor at outlet can be regarded as criteria for 
judging whether the oil tank’s inner state is safe or not, however, under the condition of bottom inlet, the criteria are the concentrations of 
oxygen and oil vapor in the replacement dead region. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
The oil vapor in all kinds of oil tank, especially in the gasoline tank, must be eliminated before the regular inspection, 
derusting, coating, maintenance and other construction work. At present the current way for dealing with oil vapor in oil 
depot is mechanical ventilation, however, this method have shortcomings of poor safety, long ventilation time, and low 
efficiency[1]. Therefore, the safety and efficiency in the process of ventilation are two important objects which need 
improvement in the fields of oil storage and transportation industry. 
Researches and practices indicate that inert gas has good performance for combustion-proofing and anti-explosion[2-6]. 
Displacing and eliminating oil vapor by using inert gas, especially by using combusted gas, in the process of oil vapor’s 
clearing in oil tank can not only improve the safety of replacement ventilation, but also can greatly reduce the replacement 
ventilation time[7]. The preliminary studies on this issue show that the distributing of each gaseous composition, the 
location of the replacement dead region and the efficiency of inert replacement ventilation are greatly influenced by the flow 
volume of inert gas and the environment temperature[8]. In fact, due to the difference of density among the involved 
gaseous compositions, the location of inlet may also be one of influence factors. In order to investigate the impact of all 
influence factors thoroughly and explore an effective approach for improving the efficiency of the inert replacement 
ventilation, a self-designed experimental test bed is founded, and then the influence of the inlet location and flow volume of 
the inert gas is studied by the means of carrying experiments.  
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2. Experimental devices and process 
The experiments are carried out in a simulation oil tank (its volume is 1.56m3), and the inert gas is produced by a 
combustor. The concentrations of gaseous compositions are measured by GXH-1050 infrared gas analysis system. Other 
experimental devices include a 2×8 rotary vacuum pump, a gas rotor flow meter, a gas collection bag and ball valves and so 
on. The simulation oil tank, combustor and the GXH-1050 infrared gas analysis system are shown as Fig. 1. 
 (a)     (b)   (c)  
Fig. 1. (a) Simulation oil tank, (b) combustor and (c) GXH-1050 infrared gas analysis system. 
The experiments under the condition of top inlet or bottom inlet are designed and carried out respectively when the flow 
volumes of inert gas are 0.5m3/h, 1.0m3/h and 1.5m3/h. The experimental process is set as follows: (1) produce inert gas and 
storage it in the gas collection bag; (2) number the measure points on the simulation oil tank(considering the geometry 
symmetry of the simulation oil tank and the requirement of the experiment, we just select 6 representative measure points, 
and they are outlet, point 1, point 3, point 7, point 8 and point 12); (3) add the oil vapor into the simulation oil tank and 
circulate the mixture several minutes, and then write down the initial concentration of main gaseous composition(O2 and oil 
vapor); (4) pump the combusted gas into the simulation oil tank and write down initial time; (5) measure and write down the 
concentration of O2 and oil vapor every certain time interval. After the experiment under the condition of top inlet being 
completed, exchange the inlet and outlet, then the experiment under the condition of bottom inlet can be executed. The 
situation of experiment under the condition of bottom inlet is show as Fig. 2. 
    
Fig. 2. Sketch of experiment under the condition of bottom inlet. 
3. Experiment results and analysis 
3.1. Experiment results and analysis when inlet is set at the bottom of the simulation oil tank 
Concentration variations of oil vapor and oxygen at each measurement point with different flow volume of inert gas 
when the inlet is set at the bottom of the simulation oil tank are shown in Fig. 3 and Fig. 4. 
It can be seen from Fig.3 and 4 that both oil vapor and oxygen concentration vary nonlinearly with time at each 
measurement point, but the tendency of each curve is same and the curves are nearly coincident. It respectively costs about 
450, 215 and 130min for the decline of the oil vapor concentration form initial value to the lower explosive limit 1.3% [9] 
when the flow volumes of combusted gas are 0.5, 1.0, 1.5m3/h. That means the simulation oil tank have already been 
inerted thoroughly and in safe condition after 450, 125 and 130min. It indicates that the larger the flow volume of 
combustor gas is, the shorter the replacement time and the higher the replacement efficiency will be.  
It respectively takes about 23, 46 and 38min for the decline of the oxygen concentration form initial value to the 
minimum 14.0%[9] required by the combustion or explosion when the flow volumes of combusted gas are 0.5, 1.0 and 
1.5m3/h, and it is far less than the time inerting the simulation oil tank thoroughly required. When the oxygen concentration 
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dropped below 14% , although the oil vapor concentration in the oil tank was above the lower explosive limit, the tank’s 
inner environment is relatively safe because the oxygen concentration is below the minimum required by explosion or 
combustion. Therefore, the time for the decline of the oxygen concentration from the initial concentration to the minimum 
14% needed by combustion or explosion is the most dangerous period for the entire inerting replacement process. During 
this period, the operators must strengthen the control of the internal and external environment of the oil tank in order to 
prevent security incidents in the actual project. 
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Fig. 3. Variations of oil vapor concentration when inlet is set at the bottom of simulation tank, (a) 0.5m3/h, (b) 1.0m3/h, and (c) 1.5m3/h. 
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Fig. 4. Variations of oxygen concentration when inlet is set at the bottom of simulation tank, (a) 0.5m3/h, (b) 1.0m3/h, and (c) 1.5m3/h. 
Due to the difference of position, the oil vapor concentration and oxygen concentration of the each measurement point 
are different at the same time. The oil vapor concentration and oxygen concentration of the point 8 are higher than the 
concentrations of other points, and the oil vapor concentration and oxygen concentration of the outlet are lower than the 
concentrations of other points. This reveals that the distribution of concentration of each gaseous composition in the 
simulation oil tank is uneven at the same time, and the dead region is symmetrical along the plane crossing inlet and outlet 
and being perpendicular to the ground, the space near point 8 and the symmetrical space of it in the simulation oil tank are 
the replacement dead region. This also implies that the operators should take the oil vapor concentration and oxygen 
concentration of the replacement dead region as the criteria for judging whether the oil tank’s inner state is safe or not 
during a real project, rather than the concentrations near the outlet. 
3.2. Experiment results and analysis when inlet is set on the top of the simulation oil tank 
Concentration variations of oil vapor and oxygen at each measurement point with different flow volume of inert gas 
when the inlet is set on the top of the simulation oil tank are shown in Fig. 5 and Fig. 6. 
It can be seen from Fig. 5 and 6 that both oil vapor and oxygen concentration still vary nonlinearly with time at each 
measurement point. This is same as the result of bottom inlet, but the tendency of each curve show significant differences 
under the condition of same flow volume of combusted gas. Whether oil vapor concentration or oxygen concentration, the 
decline speed at point 1 is the fastest, and followed by point 7, point 3, point 12, and point 8. The slowest measurement 
point is outlet at bottom of the tank body. Examining the location of the six measurement points, point 1 is the highest one, 
followed by point 7, point 3, point 12, and point 8. This means that the oil vapor is replaced with combusted gas layer by 
layer and the simulation oil tank is inerted from top to bottom layer by layer at the same time when the combusted gas is 
pumped into the tank through the top inlet. This conclusion has already been validated by the results of numerical 
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calculation in previous study [8]. Fig. 7 is the concentration field of numerical simulation results in the reference[8] when 
the top inlet is used and the flow volume is 1.0m3/h, and the detailed process of the inert displacement ventilation that the 
oil vapor is removed by combusted gas layer by layer can been seen from Fig. 7. 
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Fig. 5. Variations of oil vapor concentration when inlet is set at the set at the top of simulation tank, (a) 0.5m3/h, (b) 1.0m3/h, and (c) 1.5m3/h. 
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Fig. 6. Variations of oxygen concentration when inlet is set at the top of simulation tank, (a) 0.5m3/h, (b) 1.0m3/h, and (c) 1.5m3/h. 
 (a)      (b)   
(c)     (d)  
Fig. 7. Numerical simulation results of oil vapor’s concentration contours at (a) 5 min, (b) 15 min, (c) 60min and (d) 120 min in tank. 
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As shown in Table 1, it respectively costs about 310, 165 and 110min for the decline of the oil vapor concentration form 
initial value to the lower explosive limit when the flow volumes of the combusted gas are 0.5, 1.0 and 1.5 m3/h. Compared 
with experimental condition of bottom inlet, the efficiencies of inert replacement ventilation are increased by 31.1%, 23.3% 
and 15.4%, respectively, and the magnitude of the increase when the flow volume of combusted gas is 0.5m3/h is highest 
and that when the flow volume is 1.5 m3/h is lowest. The main reasons for this phenomenon are: (1) due to the higher 
density of oil vapor, adding the combusted gas into the simulation oil tank through the top inlet is more conducive to the 
elimination of the oil vapor; (2) the oil vapor in the simulation tank is discharged gradually into the atmosphere layer by 
layer when the combusted gas is pumped into the tank through the top inlet. In this situation, if the flow volume is lower, the 
turbulence intensity of the mixture gas and the convection between the combusted gas and oil vapor will be smaller. So the 
spatial scale of interface between the combusted gas and oil vapor will be smaller too, and the combusted gas can expel the 
oil vapor from the top to the bottom of the simulation oil tank layer by layer. As a result, the oil vapor concentration in the 
mixture gas discharged from outlet leading is much higher, and consequently, efficiency of inert replacement ventilation is 
enhanced and replacement time is saved. When the flow volume is larger, the turbulence intensity of the mixture gas and the 
convection between the combusted gas and oil vapor will be larger. Compared with the condition of bottom inlet, the spatial 
scale of interface between the combusted gas and oil vapor will be much larger too. After certain time, the combusted 
gas/oil vapor mixture in the interface region will be discharged from the outlet. At that time, oil vapor concentration is lower 
in the mixture gas, which will increase the replacement time and lead to magnitude of the increase of larger flow volume is 
greater than that of small flow volume consequently. 
Table 1. Comparison of inert replacement ventilation time under the condition of top inlet or bottom inlet 
Flow volume /m3/h 0.5 1.0 1.5 
Replacement time under the condition of bottom inlet Tb/min 450 215 130 
Replacement time under the condition of bottom inlet Tt/min 310 165 110 
(Tb-Tt)/ Tb 100% 31.1% 23.3% 15.4% 
 
It respectively takes about 150, 90 and 65min for the decline of the oxygen concentration form initial value to the 
minimum 14% required by the combustion or explosion when the flow volumes of combusted gas are 0.5, 1.0 and 1.5m3/h, 
and they are 48.4%, 54.5% and 59.1% of the total inert replacement ventilation time. Compared with the condition of 
bottom inlet, they are much longer, however, the efficiency of displacement with top inlet is higher anyhow than that with 
bottom inlet. 
Due to the location difference of the each measurement point, the oil vapor concentration and oxygen concentration are 
different obviously at the same time. The oil vapor concentration and oxygen concentration of the bottom outlet are higher 
than the concentrations of other points, and the oil vapor concentration and oxygen concentration of the point 1 are the 
lowest. This also indicates that the operators can take the oil vapor concentration and oxygen concentration near the bottom 
outlet as the criteria for judging whether the oil tank’s inner state is safe or not during a real project, and which is one of 
differences compared with the condition of bottom inlet as well. 
4. Conclusions 
(1) Both oil vapor and oxygen concentration vary nonlinearly with time at each measurement point, and the larger the 
flow volume is, the higher the efficiency will be;  
(2) The efficiency of inert replacement with top inlet is higher than that with bottom inlet when the flow volumes are 
same, and compared with the condition of bottom inlet, the efficiency of inert replacement is increased by 31.1%, 23.3% 
and 15.4% respectively;  
(3) Under the condition of top inlet, the concentrations of oxygen and oil vapor at outlet can be regarded as criteria for 
judging whether the oil tank’s inner state is safe or not, however, under the condition of bottom inlet, the criteria are the 
concentrations of oxygen and oil vapor in the replacement dead region. 
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